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SUMhARY

The effect of direction of propeller rotation upon
the dynamic lateral-stability characteristics of a twim=
enqlne airplane IcoclBlequipped with single vertical tails
of three different sizes has been Investigated in the NACA
free-flight tunnel. The effecte of flap deflection and
amount of power were also studied.

Little effect of power and of direction of propeller
rotation upon lateral stabtllt~ was observed for tii~ con-
dition of the r,odel with flaps ‘aps The principal e:fect
of direction ~f propeller rotation for this condition was
the trim chan~;e accompanying the mode of rotation in which
both propellers turned right hand. With flaps deflected-,
however, power and mode of propeller rotation had a pr~
nounc6d effect on lateral stability. The motlo of propel-
ler rotetion in which both blades moved down In the center
gave the uost satisfactory dyna~ic latera’ stability of ttie
three siodes of rotation investigated- The mode-of-rotation
effects obaarved In these teutta we:e correlated with force
and air—flow-survey Lata from other sources.

The most ~atlafactory- la$~ral-stability chnraoterie-
tlos of the model in flight wore encountered fcr the model
with large vertical-tall areas,

The direction of rctatlon of the propeller on twlm-
engine airplanes ie becoming of greater Importance because
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of the increase la engine power and the accompanying
effeots on airplane stability. Recent tests (refer--
ence 1) have shown that, although the direction of pr~
peller rotation has a pronounced effect on both static
longitudinal and lateral stablllty, no single mode of

. ~station was found to give the best results for all con-
dition. In order to proyide more data on the subject
and to determine the effect of mode of propeller rotation
on the actual flight behavior of an airplane model, tests
have been conducted in the IUCA fre~fllght tunnel on a
l/2Uecale model of the twin-engine airplane In the med~um
bomber class represented in reference 1.

Yhree modee of propellor rotation were ~IiVeBt~gaf5ed

a~ follows:

(1) Asymmotrlc propeller ratation, propellt)r blades
on both engines turning right hand

(2) 0.tboard propoll~r rotation, propeiler blades on
bcth engines going up near the fuselago

(3) Inboard propeller rotation, propeller bladss on
both engines going down near the fuse~age

In order to isolate the effect of mode of rotation for both
the flap%up and tho flaps-down conditions, thres SIZ3S of
vertical tall were employed, which made it possible to place
the model in stabilit~ regions in which relatively small
changes In stabll~ty oould be more readily detectodo The
effect of mode of propoller rotation on the gen~ral flight
characteristics of the model was determined with reforonce
to the effects on lateral stability and control.

APPARATUS AHil hETHODS

Wind Tunnel

The tests were made in the lfACA free-fllght tunnel,
a complete description of which will be found in reference
2. Figure 1 is a photograph of the test section of the
tunnel 6howing a powered model being tested in flight.

In the flight tests, the unrestrained model flies
freely in the tuunel under the remote control of a pilot.
A second operator adJusts the airspeed, tunnel angle, and
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Bower to the motor I.n the model .to correspond to the
-.. desired-flight oondlbi.anam.. &ftqg tQe_l~$?ral tz’irnand

the longitudinal trim of the model hatie been adjusted for
..-

the particular test conditions, the stability of the model
in uncontrolled flight is observed and the effectlv~ness
of the centrals Is determined. ~otion-picture records of
flights ar~ taken b? three cameras mounted at the top, side,
and rear of the tunnel,

Model . .

A three-view drawing of the l/2&scale model is pre-
eented In figure 2 and photographs of the model are shown
in figure 3. A simple wire landing gear was installed on
the model as shown In figure 2 to provide pufflolent ground
angle for takeoff and to absorb shock in landings. Sketches
of the three vertical tails us~d in the tests are shown In
figure 4. The dlmenalonal oharacterlstlcs of the airplane
as scaled-up from model values are given In the following
table:

Wing:
Area, squarefest . . . . . . . . . . .
Span, feet . . . . , . . . , . . . .
Aspect ratio”
Root chord, in;h;s” : 1 1 1 1 I 1 I 1 1
Tip chord, inches ,
~ean aerodynamic cho;dl ~n~h~s” : : : :
Root BecttoE ● . . . . . , . ● . , ● ,
Tlpsectiono ;. , , . . . . . . . . .
Percent chord line with zero sweepback
Sweepbaok at leading edge, degrees , .
Dihedral angle, degrees . , . . . . , .
Incidence, degrees
Geometrlo twist (was~o;tj,’d;g;e;sl 1 1
Taperratlo O , ,. , . . , , . . , . .

Fuselage:
Itength, feet , . . . . , . . . . . . .
Section . . , 90,... ●

Prontal area, ;q;a;emf;e; . . . . . . .

8*** 675.90
● .*9 72.61
999 7.80
● *m : 161.13
● #em 67.00
8-8. 120, 09
● . UACA 23017
● J!TACA440%R
9*99* 33
● *m.8* 4.2
● ?8*9 a
.m.*m 3
.*~*n 2,5
88*W .2.4:1

V**D 54.5
● * .;Ciroiilar
8**mm 38.5

Horizontal tail:
Total areaa square feet . , , . . . . , . . . . 183.20
Span, feet . . ,0 . . . . , . . ,. , . . . 26.85
Aspect ratio” ,. , . . . , , , . . . . . . . . 3.94
Dihedral angle, degrees

II’orflaps-up tests 7.5
For flaph-dow tests’ z I I ; ~ ; I ; ~ ; I I .0
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Stabiliser setting, degrees . . . . . . . . . . . 1.50
Length from center. line of elevator hinge to

canter of gravity of airplane, feat . . . .“ . .28.90
Elsvator balance.area, square feet “. . . . .10.63 .
Elevator area ”aft center line of hin~el .

square fpet. . . . . . . .“. . . . . . . . , .53.00 “ “. .

?ebtical” tail 2
Total area, square feet . . . . . . . . . . . . .74.90 .
Span, feet . . . . . . . . . . . . . . . . . . .1.0.68
Aspect ratio .s0.0 ● DO*Q ● 0-=0 1.54 “
Length frcm ce;t;r”line of rudder hinge to center

~f gravity of airplane, feet . . . , , . . .27.40
Fin area, square feet., . . , . . . . . . ; . . .35.66
Rudder area, equare feet .O.m. ● .* .39.24
Rud.dex=balanc”e area, squar; ;e;t . .“. . . . . 9..14
Rudder ar~a aft hinge” line, square*foet .“. I. . ,30.10 ‘

(P;;;~nan; data for tall 1 and tail;3 are given ih
.“

Aileron: (one of two)
Area aft of hinge line, square fe6t . . . .“, . .2”0.91
Span, feet .11.41
Mean chord, ;n;h;s” : : : : : I : : ~ I : : I : . 17.0 “

,..- .-
l’lapx . . . . . .: . - “ .

..

Total fl~p”area, ~quare feet “ ; ; , . . .. . . . dO.3
Ar=a.aft.of hinge line, iqtiare:feet , . . . . . . 65.EI
Total span, feet . , ~ . . . . ~ . . . . ..39.4
Type . ; . : , . .,; : ; . ;; ; , . . . ::Slotted”

The mas~ c.he.r.ac~teriatlcsof” tfie.madal. rc”presonte.d .a
full-~cdle airplane possessing a wing laadiqg of 66 powcls
per”squdre foot with the center of gravity located at 21
percent.of the moan a?rcdyaamic chord. The full-scale .
radii of gyrotion .repre6entod’b? the motel loadia~ .are.as
follows: . “ . .

., .,

. .
Hadius cf ~yration about longitudinal’ axis, k~, feet 9..36

Ead~us of” g.y~atlon about lqtc.ral axis, ky, fee+. .. 11.40.
Ra~ius .of ~yratlon about .norrnai a’xfs, kz,. feet . .. 14;35,... . .. . ...,. .

Electromagnetic mechanisms were Inctalled in the.model
to”provldo the abrupt defli?ctlons of the ailerons, rudder,
and elevator necessary. for. controlling the model In flight.
The aileron hechazlism was pd~usted to provid~ equal up-anL
down movbmbnts vtir~lng.frop *lb”. to *20°: .Rudder ,deflec-:..
t\ons Varytng fron *6 for the” lhr”ge tall to k13° for the
sqall till Were ‘ueed In conjunction ,with the ailerons to

. . .
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1. “prb”~jde--.prc)percon-trcsl‘coorl14zration. “FoF,-Iong!tud-fnal.
oontrqla abrupt elevator deflect lone of ktl”.or &40 were
used.

..

The model was powered by a dlreot-current controllable-
speed electric motor rated 1/8 horsepower at 15,000 rpm.
The motor. was located between the wing eparta at ths center
line of the fueelage and wao geared to each propeller”at
a ratio of 3:1.

Power Condition

The torque cheracterletlce of the model gearbox unit
were determined by Prony brake teete and the thruet of the
propeller was neasured mt dynamic preeeuree of O, 1.9,
and 4.1 pounds per square foot. These teete indicated that,
In order to absorb full model power at ma~imum efficieno~
for the deeired propeller speed of 5000 rpm, two different
typee of propeller would be required In the tests. Slngle-
blade statically balanced propellers having a blade angle
of 40h at the 0.75 radius were required for the flape-up
tast3. Yor the flaps-dovn t~sts, however, two-blade pro-
peller having a bl:~de angle of 300 at the 0.75 radiue
were naceseary because of the reduced alrepoed.

The thruet developed in tkle flight tests was .deter-
mineil from the difference between the flight-path angle
with powor on and the angle with propellers off at the
came lift coefficient. ?ho full-ecale torque and thruet
ooofflciente represented by the model are ehown in fl&-
ure 56 Daeed on aeeumed full–ecale values of propeller

. efficiency, aleo shown in figure 5, the model power con-
ditlone elmulated 3000 full-scale brak~ horsepower for the
flaps-up condition and 2370 full-eoale brake horsepower for
the flap-down condition for two englnee at eea level.

SYMBOLS

c!~ lift coefficient (lift/qE)

To thruet coefficient for one engine (effective thrust/pVaDa)

Qo torque coefficient for one engine (torque/ pVaD3)

D propeller dlametor
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P denelty of air, plugs per, cubi13 foot

v free-stream velocity

~ frec+stream dynamic pressure$. pounds per square

foot
()
& l~a
a

q~ local dynamic pressure, pounds per square foot

()=Va:P 1

qL/q ratiio of local dynamic pressure at tail to free-
atrcam dynamic pressur”e

kx radius of gyration about X-axis

ky r~dius of gyratio~ about Y-axis

kz radius of gyration about %axls .

c~ ~ rate of ,change of yawinemoment coefficient with angle
of sidesllp (directional-stability factor), per
radian

s wing area, Oqunre feet

TESTS “ .

The lateral stability and control characteristics of
the model wero investigated at windmilling and high-power
conditions for three modes of propeller rotation. All tests
were made with each of three vertical tails and with the
partial-span slotted flaps retracted and fully deflected,
The flight tests were run at a lift coefficient of 0.57
corresponding to a tunnel velocity of 47 miles par hour for
the flaps-retracted condition and at a ltft coefficient of
1,0 correspon~ing to a tunnel velocity of 36 miles per hour
for the flapsJaeflected condition,

CRITERIONS

your criterions were utilized to evaluate the results
obtained in the free-flight teste. These results wero based
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on vi~ual observationta of” the pilot and observer, and on
mobi-ow=pic*ure record e.-~,-‘ . . -- ,- - : - .<--‘- . .

Steadlness.- A fiete;d$.neam1. m rating that V+S1 00%
cerned chiefly with the ovefiall. smoothness of motion of .
the model wae aeaignod each oondit~on. Plights that-had “
smooth, gentle, and infrequent deviations from a given
courtae, oontrolB fixed, were given a high steadlneen rating;
whereas violently erratic flighte were given a low rating.
Visual observation of extended flights was the only method
emplo~ed to obtain this rating.

2. Smiral stab il$~.- The a~irahstabllity ratings
of the model were determined b~ cstrefully trimming the
model laterally and noting the tendency to diverge in either
direction following a slight change in bank, caused by gusts
or control movement. A definite tendency to diverge was
taken as an indication of spiral Instability.

3. Adverse yawing.- The .adve:se-yawi.ng rating is a
function”of tho ailaron yawin~moment characteristics and
the static dir~ctlonal-stabilit~ factor Cng. Inasmuch ae

the aileron-control characteristics were heid constant
throughout the tests, the advgree yaw served as a moaeuro
of the static directlona~stability characteristics of the
model. Adverse-yawing ratings were obtained by pilot OL
servatlons and by motion—pictur~ records of the directfon
and amplitude of yawing produced when only tho ailerons were
used to maintain heading.

4. WIU&Qzx~.- Ratings of
the oscillatory directional-stabilit~ characteristics of
the model with controls fixed wore obtained by visual
obsarvatlon and from moticn-picture racords of the dam~
ing of yawing oscillations Induced by abrupt control de-
flections. Conditions in which oscillaflons damped out .
quickly were accorded high oscillatory-stability ratinge.

RMSULTS AMD DISCUSSION

The lateraL_stabillty and control flight ratings are
given in table I for all test conditions. The results for
both the. flaps-up and the flaps-down condition.are given for
lift coefficients corresponding to approximately 150 percent
of the minimum spmed for the ~artioular condition. The thrust

\ —
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coefficient for eaoh engine vae 0.045 for flaps up and 0.075
for flaps down. Although this difference in thrust coeffi-
cient probably Influenced the comparison of the two flap
oonditlone, it is believed that the principal difference
in stability noted were due to flap position.

Effect of VerticaLTail Area

The effect of decreasing fin area upon the oscilla-
tory directional ~tability (that is, damping of the yawing
oscillations) followod the adverse trends normally expected
and is Illustrated in figure 6. The typical increase in
the period of the lateral oscillations with decroaso in
tail area ia clearly ovi~ent.

In general, Increasing the vertical-tail area de-
creaaed the spiral stability, as was expected. This re-
duction of stability hed no adverse effect upon the flight
%ehavior of the model. Iu fact, increasing the vertical--
tail area led to a marked Increase in the steadiness of the
models Epen though the-model possessed a sllght degree of
spiral instability in certain cases flights made with the .’
larger tails 1 and 2 produced the m;roovedn fllghts desired
by bomber pilots.

The results plotted In figure 7 show the effect of re-
ducing the fin area upon the adverse yawing oscillations
caused by aileron application. The customary increase of
adveree yaw with decrease in fin area Is clearly brought
out by these data. These results are of general interest
because they Illustrate that the appearance of instability
may under certain conditi.o.ntabo brought about hy tha influ-
ence of oontrols.

The results of the vertical-tall-area testg followed
expected trends and thus indicated that variation of
vertlca~tail area could be utillzed to emphasize the ef-
fects of mode of propeller rotation.

Effect of Pover

The flight tests shcwed essentially no effect of power
upon the lateral-etabillty characteristics of the model for
the flap-up oonditlon. (See table l.) lfor thb” flaps-down
condition, however, power appl~catlon resulted in an lncroase
in adveree yawing, an increase In spiral stability, and a
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.,-notlcea~le reduction of oecllla$ory stabllli~ for all
modes of propeller r-otdtion, “A m-brked redu”ctlon-in the
dlrectional~stability factor Onp vaa thuB indicated.

A Goneiderable reduction In atoadlneBe accompanied. these
ch~~os a~d sizable yawing oscillations were encount~rod
with aileron application for model conditions that, with
flaps retracted, had posseseed excellent flight character-
iOticO. In general, for power-on condition, the lateral
stability was considerably less with flaps down than with
flaps up,

Uigure 8 illustrates the adverse effect of power ap-
plication for the flaps-down condition upon the damping
of the lateral oscillations cf the model with controls
fixe~ even for high initial values of Cn~ (with verti-

cal tail 1). The adverse effect of power for the flaps-
down condition is also indicate!l IIIfigures 9 and 10 In .
which are presented comparisons of values obtained from
~otion-picture records of the powor-on adverse-y~wlng
curves with the corresponding advers-yawing curves for
wlndmllling conditions.

The destabilizing effect of power application upon
the directional–stability characteristics fGr flape-down
flights may be cn~efly ascribed to wing-nacelle stabillty
characteristics. The data contained in reference 1 show
that the unstable moment of the wings and nacelles for
flaps-down conditions was r,arkedly increased by power
application for all modes of propeller rotation.

Effect of liofi.eof Rotation

B’laps-up.- T!he flight tests ehoi~ed little effect of
direction of propeller rotation when the fl~ps woro up. A
study of table I reveals that the main effects of direction
of propeller rotation were the ou%of-trim changee associ-
ated with tho asymmetric mode (both blades turning right
hand). Although neither aileron nor rudder adjustment from
wlndmilling conditions wae required for powered flight for
the symmetric modee, abcut 6° right aileron and 4° right
rudder were required to trim the model when the asymmetric
modO waB employed.

Although the etabillty changes with mode of =otation
were small, a distinction between the relative merits of
the various modes of rotation could be made when the smallest
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vortlcal tail (tail 3) wag employed. Flights made with in-
board rotation (blades coming down near fuselage) showed
the adverse yawing characteristics and the lon~period os-
cillations aasociate~ with low values of Cn

$
and indicated

that this mode of rotation had the most detrimental effect
on lateral etablllty of the three modes inVe8tigatetd. It
should be observed, however, that thiB destabilizing effect
of this mode, although distinqulshable, was not large and
merely caused a change In the oscillatory flight ratings
from C (poor) to D (unsatisfactory).

tiorl ‘F2z2”-
As was the case for the flaps-up condi--

t e wpymmotric mode of rotation was the only mode ob
serv~t. to cause considerable out-of-trim changes with power
a~plloation when the flape were lowered. The effect of mode
of rotwtion upon lateral stability, howevor, was more clearly
discernible for the flaps-down tests and was of much le.rgor
magnitude.

Yhe inboard uode of rotation, which had induced the
leaet oscillator? dir~ctional stability for flaps-up
flight~, gave th~ Lost oscillatory directional stability
of the three mod~s of rotation when flaps were lowerede
Although this. effect WRS largest for flights with tall 3,
for which the power-off stabilitx was least, it was also
noticeable for flights In which other tails were used,

Outboard propeller rotation (blades coming up near
fuselage) was reep~nsible Tor the largest detrimental
change in oscillatory stability with power observed in the
flight tests. Upon application of power the oscillatory-
stability rating with tail 3 wae changed from rating 3
(fair) to rating D (unsatisfactory). Lon&period oscil-
lations further Indicativ.a of low directional-gtabiltty
factor CnE were also observed In flights for this con-

dition,
. .

The asymmetric mode, although not responsible fcr as
large a change in stnbllity as outboard rotation, gave less
directional stability thaa inboard rotation and led to un-
satisfactory lateral bdhavior for flights with tail 3, Du=
ing these flights the model performed a
of constant amplitude, roughly between O

%a~~;gl;:eillation
flew yawed

at two trim points, anil eventually ~iverged in ~a; to the
extent of corcpletGly reversihg headingO Motion-picture rec-
ords of the roll and yaw characteristics during a flight at
this oondition are presented In figure 11, This figure
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indicates that, because of low Inherent directional stabll-
Ity, the adverse yawing moment of the a~lerons was able to

‘--’-’-”-y&tithe niodel-”ptid-tthe “po”int at-tihfoh “it-beaame statically

q directionally unstable.

$1
A

A pos,sible explanation of the effects of propeller
rotation upon dlrectlona&s”ta%ility characteristics has
been devised for both flap conditioq~ based. on the air-
flow patterns in the tall plane. Stuper has shown in
reference 3 that the slipstream of a traotor propeller is
split by the wing and is displaced laterally in the direc- “
tion of Ita tangential velocity and reunites in a dietorted
pattern after leaving the trailing edge of the wing. This
phenomena was verified by Sweberg in reference 4, in wh$ch
ara presented power-on air-flow surveys in the tall region
of a twin-engina airplane equipped with left-hand propellers.
The results of reference 4 show that the slipstream pattern
behind a propeller and wing is practically Independent of
angle of attack or amount of power but is primarily depen&
ent upon flap configuration for its shape. For flaps-up
conditions this slipstream pattern eventually assumes n
roughly elliptic shape after passing over the wing and the
velOcitY regions in the tall plane are symmetrically dis-
tributed behind the proJ~cted propeller plane. Consequently,
little effect of direction of rotation upon the tail surfaces
is indicated. Deflection of the flaps, however, displaces
the sllpatreara Jet downward and distorts the dynamic pressure
distribution Into a kidney-like shape at the tall plafin..with
a concentration cf high velocities on the down-going sldo of
the propellers.

In effect then, for inboard rotatton, the slipstream
velocities converge on the tail surfaces when flaps nro
lowered, whereas for outboard rotation they diverge from
the tail. These data, when correlated with foroo data from
reference 1, may be used to explain the reeults of the pres-
ent &ests.

The data in reference 1 show that with flaps retracted,
the application of power or the mode of propeller rotation
had little effect upon the stnbllity characteristics of the
wing, nacelles, and fuBelage, The air-flow data of reference
4 indicate little effect of mode of rotation upon air-flow
patterns at the tail. Relatively little effact of modo of
rotation upon the lateral-stability characteristics of a
twin-engine airplane in the flaps-retracted condition should
be expected. This premise was conftrmed by the preseut tests.

I .— —
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The force data of reference 1 show that for the flap-
down conditton, however, power causem a large decrease in
the dfrectlopal-Btability faator Cnp for all modee of
rotation for the wing and nacelles. Any effect of mode of
rotation upon the directional stability of the airplane
would therefore be a result of power effects on the fu8e-
lage and on the vertloal tall. The effect of mode of ro-
tation upon the directional stability due to the fuselage
is not clearly understood at present. Incomplete data in=
dlcate that fuselage effecte due to mode of propeller rc-
tatlon ara small and similar in nature to the far larger
effects of the vertical tail surfaces. It is therefore
believed that a satisfactory indication of the effect of
modo of propeller rotation caa be obtained by a study of
its effectB upon the vertical tail aurfacea.

The altpatream patterne previously diacuaaed indi-
cate that, becauae of the Inboard ahlft of the high
velocity regions of the stipatream, inboard rotation will ...
cause an increase in the directional-atabillty factor Cn

$
due to the tail for small through moderately large anglea
of yaw. The value of e~~ for this condition should reach
a maximum at some moderate angle of yaw, at which point the
vertical tail la partly Immersed in the direct alipatream
Jet. Yor outboard propeller rotation, the vertical tall
will not enter the alipatream jet u~til a much larger angle
of yaw ia reached bec&=ae of the initial outboard diaplac~
ment of the allpatream with this propeller mode. The effect
of the asymmetric mode (propollera turning right hand) upon
directional atabllity would be dependent upon direction of
yaw and would lend to peak vnluca of Cnp at moderate posi-

tive and at large nagativo anglea of yaw.

The reasoning in the preceding paragraph appeara aub-
atant5Atibd-.by existent force data. Figure 12 presents force
data obtained from reference 1 and from unpublished teata
made in the LhAL 7- by l&foot tunnel for the flap-down
condition for two twin-engine models tested with three modes
of propeller rotation. The lateral shift of the slipstream
la plainly diatinguiahable from these data and the variation
of cn~ with propeller rotation is aa previously discusaedO

These force data conf~rm the previous conoluaiona drawn here-
in from the teata and from hypotheals aa to the advantageous
nature of inboard propeller rotation for normal an~loa of
yaw. The effoot of the aeymnet.ric Eode i? alao olearly de-
fined and ia almilar to tha effect produced by Inboard .J
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propeller rotation for. positive yaw and to the effect of
outboard propeller rotation for- negative yaw.

.’

COI!7CLUSIOHS “ “
.“

The foilowing conclusions are based on results of
power+on fllght tests of a twl~engine model with single
vertical tails of thr~e different. sizes in the fre~

flight tunnel. !l!hreomodes” of propeller rotation were
Investigated - asymmetric rotation (propellers’ turning
right hand)”, outboard propeller rotation (propeller bladea
going up near the fuselage), and inboard propeller rota=
tion (propeller blades going clown near the fuselage). .

1. The g~eatest efflects of power and direction of
propeller rotation on lateral-etabiiity characteristics
were encountered with flaps deflectgd.

.
2. “ With flaps deflected, application of power de

creased the directional sta5il~ty for the three modes of
propeller rotation.

3. The aeyumetric node cf propeller rotation had a
large effect upon lateral trim. Neither of the two syk
metrical modes of rot=tion required control deflections
for trim whereas the asymmetric mo~.e required approxi-
mately 6t right aileron and 4° right rulder deflections
for straight fllght.

4. Mode of propeller rotation with flape up had little
effect on the lateral stability although blades coming up
in the center gave the least reduction in oscillatory di-
rectional 6tability, With flaps down, however, the rot-
tlon with blades going down in tho center gave the least
reduction in this respect.

5. The meet satisfactory dynamic lateral flight be- ~
havlor was oncounterod with modo10 having large vertical
talle.

Langley Memorial Aeronautical Laboratory,
Iiatlonal Advieory Oommittee for Aeronautics,

Langley TieId, Va.

_ ..----- --- ----:- - —



I

14

1. Rogallo, Francis M., and Swanson, Robert S.: Win&
Tunnel Tests of a Twim-Engine Model to Determine
the Xff’ect of Direction of Propellor Rotation on
the Statio-Stzblllty Charaoterieticep 19ACA A.R.R,,
Jan . 1943.

2. Shortnl, Joseph A., and Osterhout, Clayton J.: Pre-
llmtnary Stability and Control Tests In the NACA
Psee-1’llght Wind Tunnel and Correlation with 3’ull-
Scale Flight Tests. TONO HO. 810, nACA, 1Q41.

Stuper, J.:3. ‘-- Effect of Propeller Slipstream on Wing
and Tail. T.k. EO. 874, HACA, 193a.

4. Sweberg, Harold H.; The Effect of Propeller Operation
on the Air Flow In the ~eglon of the Tail Plane for
a Twin-Engine Tractor Monoplane. HACA A.R.R., Aug.
1942.

I---- -... .,--,,,. —, ■ m.m, ,-,, .-- mm, ,. , :,



....-— --- -

?&2 I
15

l--rI

mad
dll

(A& -
p?

Wul
Al

5 4-”

! F1.mpaw: OL = 0.59:To - o=@5 m= e
I

b
,- A B A A A B A A A B A A

w

B A A A B A 2A A B A A

‘-fl-
B M B+ w B m B m B B+ B B+

4
(Sits) fill

B w B B+ B B+ B %+ B B+ B B+

wind-
Bt c 0 0 B c o- C B c 0

(ULl)
Full %3.
m c

B+ c- c c w o- D B+ D D

md- 1
mill- A c B+ A A 0 B+ A A c A’A

U&8 )

m B c+ B B+ B c+ B- 2W B+ c+ A A

wind-
nill- B 0+ B B+ B c+ m w B 0 B m

(9LS) -
B B k B- B B- 2& B 0 B B

wl&$-
C+ B 0+ B 0+ B 0+ 0 0+ B c+ B

(a%l)
w

Oa n w n D D B+ D 2D c+ B 0 a

blight ratingm:

Bating studiao88 Spiml atabllity Adwy ~wing

A Wrp&ukr Btabla Iw

Woillatmy #tabillty

08wtm huvlly

080illAtials
allghtly ~

080111atimm neutral

=mwi-17

1-+ mdioatim otiit 1- 811@tl~ -tter tlnn latter dmignatmd

MMt.8 oaxlltlcm •ll~tl~ mrw than latter doai~ted I



v

lx.
P

hgu.re 1.- Test section of NAC#. free-flight tunnel showing powered model in flight.
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(b) Top view
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al tail 2



1

b

MACA

. ,.. r ~Eudder hinge
.. ..- ----

/

~

‘/’\
III I
I

V’ai”

Figure 4.- Sketches of three vertical tall surfaces used on twin-engine
model teste~ la frcd-fli@t tunnel.

.—. — .—. .— -



kMA Ii’lg.!3

.-

.

U“

100 I I 1“- I.. /f . . Amnned full-male
~ repeller efficlencio0

EC“ . ..—

I

.—.

— ..—

I

0 .4 .8
Lift coefficient, ~

R’igure 6.- Ful.1-scalepower conditions at faealevel einruhted by twin-
englne model”in free-flight tunael tests.



.— --- .-—- ---- —-

~~~—~----
0 2 46 8 10 la 14 16 17u11-Bcaleuni

Time, t, eec
,ta

l?lgurc)6.- Effact of vertical nroa on the oscillatory-utability
characteristics of the ttin-englzo airplana model te6t~d

in tho free-flight tunnel. Flaps down, Tc=0.C175,outboard rotation UtJ.



—.—- ..-. —.. .— .. .. —- ---- —. —

Vlg. 7

.. .

3
‘B3EEEHEZZZEE

I-- ...
12

-1

8

4 I

0

-4

T--’--I IIT

I

,

I
F-
1
I

1 I----

!“ i lb) verticaltail 2 .
L

I
I

; d
t

---
I* I i

1

.-
1 (c) vertical tail 3

12 I 1

~~

o I
I

-4

I
1

I
-8 ~

i
12 . I

I
Q ,1.5 , Z.o :.2=3i_3.zQ-~~~--—-”
0 24 6 8 10 12 14 16 E’ull-8caleun

Time, t, eec

Figure 7.- Effect of verticel tail area on adver6e yawing oharacteriOticO
cf twin-mgino airglanc mohl. li’laps down, windnilling power,

Inboard rotatim @)=
.



~~ I I 1 I I

Controlmovomaxt6 i
I 0i3cillato&-stabilltyflight rat&s

IR left rudder 1 I Nindnlilling,A
-RR ri*t r@icr

t-
__J----.0

it

——. . Fo7sr 03,

i~:~ (fli&.tr~ti~s .lefin~din table I)

,J–_J_.!___.!__ - ! ; -i— !—---4-——!—--- Iti

t .——
I t

—— ontrol mov&eat a
iLE l’+—— ‘:-—— Full poxcr ~ /*--j--&l--

i‘ -.l~k ——---iiinsmilli= j :
—— --~—-p-— -

l’l~i’

i :.._-L_j__~*
–;----1 !

—-i–-J—-L_.fi---Ii
I

._-_i-__l.-i

.

0 0.5 1.(I 1.5 2.0 2.5idoddllIlitB

I I——-L --- ——-. .- —- —--- J- —— --1- ...---—.- i-—~

I

1

I

I

2 4 6 e 10 12 Full-scaleunite

I

1



L-354 :

I I I I
I
I

Controlmwements !~-i!~i ‘i \-A]”

i LA left aileron
32 “ RA right aileron

+.._ ..-_:~__~-+++-~ ,~
‘-; ‘-”

I&l left aileronm5_rudkm ‘ I

‘T”TT-”T77 l-m-mm-t !A’’r&~=WflWr

/

‘t&B

E

-16

o , 0.5 .’ I!!) 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 Ilodelunite
—..J . . ..-. J——-4

OL-4-2-___% ”~6--= 10 12 14 16 18 20
1 I 1 ~—

22 Full-scaleunits
~~~, t, Soc

4
Ilgllrs9.- Effect cf Foxm on the a~verseyawing characteristicsof twin-engineairpkne modol tested &

izzthe free-fli~$ittwqnol.?laps dorm, Tertical tail 3, aeymetric rotatioam ●

.
=

I



1

,

I

-11,5
,.

J- !
T-”4-&_

-j_ . &-

3 .0

-— .

~l_yower ,
4.5 Model UllitB

&-———#——a———-#–-–-----*~--*—&–*~ ----- ‘ 1 I I
20 ml-scale Unita

Tim, t, SeC



0 2

?iguro 11.-

.

4 6 8 10 12 1.; 15 16 20 ml-scale units

Directionalfiivorgoncu
.<V , vertical tnil 3,

T5mo, t, HOC
w

1



.

,.

- 1~~.d -—-. -1-. -!----*-J---I--- t---i—--l--+ —-4—- .1

3’igwe 12. - Influence of direotlon of propeller rotation upon tho
~awing-momont coefficient & of ttvotwin-enginemodels

4n ynw. Ylaps-down condition.

lg. 12

I



TITLE:  Free-Flight-Tunnel Investigation of the Effect of Mode of Propeller Rotation 
upon the Lateral-Stability Characteristics of a Twin-Engine Airplane Model with4 

AUTHOPJ.S): Pitkln, Marvin 
ORIGINATING AGENCY: National Advisory Committee for Aeronautics, Washington, D. C. 
PUBLISHED BY: 

ATTO-   7558 
MVHJOM 

fflppi) 
OSW. AOOtCT NO. 

ARB-axiH 
ruBUsaKO JUKXCY m. 

Oct ' 43 Unclass. U.S. _gHB*- 
HUM IUW1QA1I033 

27    I photos, tables, graphs 
ABSTRACT: 

A stability investigation wad made regarding the effects of three modes of propeller 
rotation.  Power and direction of propeller rotation had little effect on the lateral 

" stability with flaps up. The principal effect of propeller rotation was trim change 
occurring with codlrecttonal rotation.  Power and propeller rotation had pronounced 
effect on lateral stability with flaps extended. Mode in which both propellers moved 
down at center gave most satisfactory dynamic stability of the three modes In- 
vestigated. 

Single Vertical Tails of Different Size 
DISTRIBUTION: Request copies of this report only from Originating Agency 
DIVISION:   Aerodynamics ( 
SECTION:   Stability and Control (1) 

ATI SHEET NO.: R-2-1-33 

SUBJECT HEADINGS: Airplanes 
Aerodynamic effect (75477.5) 

• Stability (08487); Propellers - 

Alt Docutnotito Division. Intolllgonco Dopartmont 
Air Material Commend 

flia TECHWICfll IN9GJC Wrtofrt-PottOfCCfl Air rorco I 
Baytsa, Ohio 




